Background and Objectives: Up to date, several pathophysiological mechanisms are suggested for evolution of depression, including inflammation, neurotransmitter and vitamin D pathways. The aim of this study is to evaluate the effects of vitamin D supplementation on serum 25-hydroxycalciferol [25(OH) D], intact parathyroid hormone (iPTH), some pro-inflammatory biomarkers and neurotransmitters supposedly involved in depression. Furthermore, effects of the vitamin D are studied on depression status in affected patients.
Introduction
Depression, as a leading cause of individual psychological and physical disabilities and economic problems, has raised the attention of health professionals worldwide (1, 2) . The global prevalence of depression has been estimated as 3-17% (WHO data) (2) . In Iran, prevalence of the major depressive disorder (MDD), as one of the five diseases with the highest burden on health care system in 2010 (3) , is estimated as 4.1% (4) . Depression is described as a multifactorial disorder, which frequently reflects the interplay between psychosocial, genetic, epigenetic, physiologic, neuroendocrine and neuroimmunological factors as well as diet and lifestyle (1, 5, 6) . However, pathogenesis mechanisms and components of depression, including inflammation, neurotransmitters and vitamin D, have already been addressed (7, 8) . Nevertheless, the true magnitude of these mechanisms and their interactions are not clearly known (5) . Increases in pro-inflammatory biomarkers such as high-sensitivity C-reactive protein (hs-CRP), interleukin-1β (IL-1β) and interleukin-6 (IL-6) prior to onset of depression have raised great attentions (5, 9, 10) . However, most of these findings are based on studies that assessed one inflammatory factor (11) ; hence, further studies are necessary to investigate these factors simultaneously. Furthermore, results from the studies on interactions of pro-inflammatory molecules with other factors in depression (e.g. vitamin D) are contradictory (12) . Several studies have reported that insufficient levels of serotonin, as a neurotransmitter involved in mood and behavior, may result in depression (13) (14) (15) . However, most of these reports are based on serum serotonin measurements in depressive patients ( measurement is a further accurate alternative of brain serotonin (15, 19) . It is broadly accepted that dysfunction of oxytocin, another neurotransmitter, includes important roles in mood, behavior, brain development and sociality (21) (22) (23) (24) . However, verification of oxytocin roles in depression needs further studies. Relatively, vitamin D may include roles in depression (8, 25) . Hypovitaminosis D has repeatedly been reported in patients with depression from various countries, including Iran (11, (25) (26) (27) . Nevertheless, information on possible effects of vitamin D supplementation on depression are contradictory (28) (29) (30) (31) . Examples of vitamin D roles in nervous system include its roles in inflammation reduction, neurotransmitter synthesis and function and brain function and mood (11, 16, 32, 33) . However, it is still unclear whether vitamin D affects depression via affecting pro-inflammatory cytokines or associated neurotransmitters. To the best of the authors' knowledge, the current comprehensive study will, for the first time evaluate the effects of vitamin D supplementation on various mechanistic aspects of the depression. Objectives: The aim of this study is to evaluate the effects of vitamin D supplementation on serum 25(OH) D, iPTH, selected pro-inflammatory biomarkers and neurotransmitters involved in depression and on depression status in the depressed patients. Hypothesis: It was hypothesized that increases in blood vitamin D through administration of 50,000 IU vitamin D biweekly in patients with mild to moderate depression will result in decreases in selected proinflammatory biomarkers and increases neurotransmitters involved in depression and hence in improvement of depressive status. (DSM-IV) criteria and Beck Depression Inventory-II (BDI-II) (34) . After describing the study protocol for the patients and signing printed informative consents by them, the eligible patients are participated in the study and randomly assigned into intervention (50000 IU of cholecalciferol per two weeks) or control (placebo) groups. Vitamin D3 supplements and placebos are supplied by Zahravi Pharmaceutical Company, Iran, and are completely similar in appearance and packaging. Randomization is carried out based on the entrance codes of the participants. Time duration of the intervention includes eight weeks ( Figure 1 ).
Materials and Methods

Calculation of the sample size:
Considering an effect size of 0.75 and a power of 80%, 28 patients are assigned to each group (35) . Inclusion criteria: The inclusion criteria include 1) aging 18-60 y; and 2) having mild to moderate depression with no other psychiatric diseases, according to psychiatrists' assessments. Exclusion criteria: The exclusion criteria include 1) having a history of heart infarction, angina pectoris, stroke, kidney stone and/or high blood pressure (systolic blood pressure higher than 174 and/or diastolic blood pressure higher than 104 mm Hg) (36);
2) having liver disease and/or hyperparathyroidism; 3) being pregnant and/or lactating; 4) reproductive aged women (under 50 years old), who are not receiving adequate contraception; 5) consuming nutritional supplements with vitamin D since two months prior to intervention; 6) discontinuing the study; and 7) failing to precisely follow the interventional program. The primary outcome includes a significant increase in serum 25(OH) D concentration from baseline to Week 8 of intervention. Vitamin D status is categorized based on the following circulating concentrations of calcidiol as deficiency (< 50 nmol L -1 ), insufficiency (50-75 nmol L -1 ) and normal (> 75 nmol L -1 ) (37). Secondary outcomes included significant changes in serum pro-inflammatory biomarkers such as IL-1β, IL-6 and hs-CRP and in neurotransmitters such as serum oxytocin and platelet serotonin. Other secondary outcomes included significant changes in serum iPTH as well as depression status (BDI-II score) from baseline to Week 8 of intervention. , sunscreen use, tobacco and drug uses, alcohol consumption and physical activity, is completed for each participant using face-to-face interview. Then, participants are asked to continue on their usual diet, physical activity and medications during the intervention. In this study, preferably incident cases are enrolled. However, patients with pre-existing depression may also be included. As participants will be randomly allocated to the study groups, it is expected that incident and old cases are similarly distributed within the groups. Depression status. Depression status of all participants is assessed before and after intervention using BDI-II questionnaire.
Anthropometric measurement and blood pressure:
Weight is measured to the nearest of 0.1 kg without shoes and with light clothing using calibrated digital scale (Seca 808; Seca, Hamburg, Germany). Height is measured in standing position (only on the first visit) without shoes to the nearest of 0.1 cm using standard stadiometer. Body mass index (BMI) [kg (m 2 ) -1 ] is calculated by dividing weight (kg) by height (m 2 ). Waist circumference is measured to the nearest of 0.1 cm at the midpoint between the lower rib and iliac crest at the end of expiration and hip circumference is measured to the nearest of 0.1 cm at the maximum extension of the buttock, horizontal to the floor, using measuring tape (38) . Waist to hip ratio (WHR) is calculated by dividing waist circumference to hip circumference. Systolic and diastolic blood pressures are measured in sitting position after 10 min resting using digital sphygmomanometer (BC 08; Beurer, Ulm, Germany).
Blood sampling:
A venous blood sample is collected from each participant on the first and third visits (10 mL; 5 mL in tubes without anticoagulant and 5 mL in tubes with Ethylenediaminetetraacetic acid (EDTA)) and transferred to Laboratory of Nutrition Research, National Nutrition and Food Technology Research Institute (NNFTRI) using cold box.
Intervention. The participants receive vitamin D supplements or placebos, according to their study groups, on the first and second visits. They are asked to take their pills at the clinic on Weeks 0 and 4 to ensure that at least 50% of the pills are consumed. In addition to receive a written "instruction of use", participants receive a reminder call for the consumption of remaining pills. Furthermore, the participants are asked to return the pills that are not consumed for any reason on their next visit. Therefore, the adherence assessment is carried out based on the supplement/placebo count and patient self-report.
Laboratory investigation
Serum separation: Sera are separated from the clotted samples by centrifugation at 800 g for 20 min at room temperature (RT). Then, samples are aliquoted in fresh microtubes and stored at -80 °C until use. Platelet separation. Platelets are separated from the whole blood samples by centrifugation at 200 g for 10 min at RT to achieve platelet-rich plasma (PRP). Then, the PRP-supernatants are transferred to fresh microtubes and platelets are counted using automatic cell counter (Mythic; Orphee, Switzerland). To collect platelet pellets, an aliquot of PRP with 700,000 platelets µL -1 is added to physiological saline up to a total volume of 1 mL and centrifuged at 4,500 g for 10 min at 4 °C. For neutralizing possible effects of vitamin D on platelet count, the volume of PRP is calculated proportional to the platelet count in the PRP for each sample individually. Then, the supernatant is discarded and 200 µL of double-distilled water is added to the pellet and stored at -80 °C until use. Biochemical tests: Biochemical parameters are assessed using enzyme-immunoassay (EIA) method and commercial kits ( (40) and results from previous studies with higher doses of vitamin D (50000 IU w -1 ) (12), the used dose of vitamin D in this study (50000 IU per two weeks) seems safe.
Statistical analyses
Data are expressed as mean ±SD (standard deviation) to describe quantitative data and absolute or relative frequencies of the qualitative data. Shapiro-Wilks test is used for evaluating the normality of data distribution. Chi-square test is used to compare qualitative variables between the groups at baseline. Based on the study design, two groups are investigated within two time periods (before and after intervention); therefore, paired-sample t-test or Wilcoxon test (based on the normality distribution of data) is used to compare within-group changes. To compare between-group changes, independent sample t-test or Mann-Whitney test (based on the normality distribution of data) is used. Evaluation of correlations between the two groups of data is carried out using Pearson (for data with normal distribution, r) or Spearman (for non-normal distribution, r s ) test. Single or multiple regression test is used to assess relationships between the changes in indicators during the study. The significance level is set at P < 0.05. Data are analyzed using Statistical Package for Social Sciences (SPSS) Software v.21 (SPSS Inc., Chicago, IL, USA).
Discussion
Depression is well-known as a multifactorial mood disorder (1) . Although several parameters such as inflammation, neurotransmitters and vitamin D are suggested to be involved in pathophysiology of depression (7, 8) , possible associations between the various dimensions of depression must be clarified (5) . Results from the previous studies have shown that hypovitaminosis D is prevalent in patients with depression (11, (25) (26) (27) ; however, results of studies on effects of vitamin D supplementation on depression are contradictory (28) (29) (30) (31) . Despite suggested roles for vitamin D in inflammation, neurotransmitter metabolism and mood status (11, 16, 32, 33) , associations of vitamin D with depression status need more elucidation. In conclusion, results of this study can help clarify pathophysiological mechanisms involved in depression. Furthermore, these results can be used in future approaches of the depression prevention as well as depression treatment.
Strengths of the study
Strengths of the study include 1) designing a doubleblind randomized clinical study; 2) assessing three mechanisms involved in depression simultaneously; 3) evaluating correlations between oxytocin and vitamin D in patients with depression for the first time; 4) assessing platelet serotonin concentration as an accurate alternative of brain serotonin concentration; and 5) investigating confounding factors (e.g. sun exposure, physical activity).
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